Transmission of Chlamydia trachomatis and Neisseria gonorrhoeae among infected men and their female sex partners was examined using a design enhancing the likelihood that spread was directed from men to women. Chlamydia culture-negative specimens were examined using DNA amplification tests. Infection rates in women exposed to male sex partners with Chlamydia only were 65% (20/31) and with gonorrhea only were 73% (33/45). Infection of women by either agent was not influenced by the number of sexual exposures to or coinfection in men. There was a 98% (40/41) concordance of N. gonorrhoeae isolates among partners by auxotype and serovar. Chlamydia isolates were serotyped using ELISA and immunofluorescence testing and confirmed by nested polymerase chain reaction: 50% (6/12) of men and 57% (8/14) of women yielded mixed serovars. Sixty-four percent of pairs (9/14) were infected with identical serovars and an additional 28% shared at least one serovar. Multiple serovars of C. trachomatis, but not of N. gonorrhoeae, were common in sex partners and exchanged frequently.
Transmission of Chlamydia trachomatis and Neisseria gonorrhoeae among infected men and their female sex partners was examined using a design enhancing the likelihood that spread was directed from men to women. Chlamydia culture-negative specimens were examined using DNA amplification tests. Infection rates in women exposed to male sex partners with Chlamydia only were 65% (20/31) and with gonorrhea only were 73% (33/45). Infection of women by either agent was not influenced by the number of sexual exposures to or coinfection in men. There was a 98% (40/41) concordance of N. gonorrhoeae isolates among partners by auxotype and serovar. Chlamydia isolates were serotyped using ELISA and immunofluorescence testing and confirmed by nested polymerase chain reaction: 50% (6/12) of men and 57% (8/14) of women yielded mixed serovars. Sixty-four percent of pairs (9/14) were infected with identical serovars and an additional 28% shared at least one serovar. Multiple serovars of C. trachomatis, but not of N. gonorrhoeae, were common in sex partners and exchanged frequently.
Pelvic inflammatory disease (PID) is a significant clinical and public health problem in the United States: Chlamydia trachomatis and Neisseria gonorrhoeae have been the two leading pathogens implicated in sexually transmitted PID [1] . To better understand the risk of transmitting these agents between sex contacts, we examined the infection rates of C. trachomatis and N. gonorrhoeae in women who had been the sex contacts of men with chlamydial and/or gonococcal urethritis. Subjects who were culture-negative for Chlamydia had samples examined further by DNA amplification tests to detect the infection. We found that infection rates of C. trachomatis in women were similarly high for gonococcal infection, and neither infection was influenced by the number of exposures to infected male partners. Coinfection was also not associated with significant change in the transmission rates of either organism. Chlamydial and gonococcal isolates from men and women were typed to validate the presumption of transmission. Multiple serovars (or genotypes) of C. trachomatis, but not N. gonorrhoeae, were common in the sexual partnerships and were exchanged frequently.
Materials and Methods

Study Population
Heterosexual men who were treated at the Boston City Hospital (now the Boston Medical Center) Sexually Transmitted Disease (STD) Clinic between September 1988 and April 1991 were eligible if they presented with urethral discharge, dysuria, or both for ≥2 days. Eligible men provided a urethral specimen that yielded C. trachomatis and/or N. gonorrhoeae by culture. Eligible men also had had ≥2 female sex partners in the 30 days prior to the onset of their symptoms. We contacted female partners and identified those who may have been spread (or secondary) contacts because the index men indicated that they had mutually participated in one or more episodes of unprotected vaginal intercourse during a spread period that was defined as 2 weeks before to 2 weeks after the onset of the men's symptoms [2] .
Women were excluded if they had not been monogamous with index male partners during the 2 weeks prior to the onset of the men's symptoms, resided outside the Boston metropolitan area, were not treated at our site, had taken antibiotics during the 1 month prior to evaluation, indicated that they had always used condoms, or were !18 years of age. To assess reproducibility of responses from possible spread contacts, a random sample of 10 women was requestioned on a subsequent date. Enrolled women underwent a complete clinical evaluation, including abdominal, speculum, and bimanual pelvic examinations. Endocervical samples were obtained for laboratory diagnosis of C. trachomatis and N. gonorrhoeae. Urethral (male) and cervicovaginal lavages in normal saline were also collected when possible and used for Chlamydia DNA amplification (see below). Lavage fluids were stored at Ϫ70ЊC.
Diagnostic Methods
Culture. Urethral and cervical swabs were cultured for N. gonorrhoeae and C. trachomatis [3] . Gonococcal isolates were stored at Ϫ70ЊC and later auxotyped [4] and serotyped [5] . For isolation of C. trachomatis, swabs were placed in transport medium, held in the clinic refrigerator for no more than 5 h, and then transported on wet ice to the laboratory (located on-site), where they were cultured immediately [3] . Infected cell monolayers were stored at Ϫ70ЊC in shell vials for repassage and serotyping (see below).
DNA amplification tests for C. trachomatis: polymerase chain reaction (PCR).
Chlamydia culture-negative specimens from men and women whose partners were culture-positive were examined by PCR. PCR assays were performed on lavage fluids to detect either DNA regions on a 7.5-kb plasmid present in C. trachomatis (plasmid-PCR) or a segment of the chlamydial 16S rRNA gene (e.g., rrn operon), which defines the family Chlamydiaceae (rrn-PCR) [6] . A specimen positive by either test was deemed positive for C. trachomatis.
Ligase chain reaction. Ligase chain reaction (LCX Chlamydia trachomatis assay; Abbott Laboratory, Abbott Park, IL) was also performed to detect the presence of C. trachomatis in lavage fluids obtained from sex partners whose Chlamydia cultures had been negative. A sample of lavage fluid (0.2 mL) was sonicated [3] , microcentrifuged (350 g, 10 min) to remove large precipitates, and then ultracentrifuged (Airfuge, 30Њ A-rotor; Beckman Instruments, Palo Alto, CA) for 5 min to obtain sediments. These were suspended in 0.2 mL of the resuspension buffer supplied by the manufacturer, and then tested for Chlamydia by ligase chain reaction according to the manufacturer's specifications.
Typing of Chlamydia isolates. Chlamydia grown in McCoy cells (and then stored at Ϫ70ЊC) were thawed and passed onto cell monolayers to yield sufficient numbers of organisms to perform the typing analyses.
Three methods were used to type Chlamydia. Initially, serovar determination was performed by ELISA [7, 8] on specimens from male and female subjects. A panel of serovar-specific monoclonal antibodies was used as the detector, and Chlamydia elementary bodies were used as target antigens [7, 8] .
Second, to examine male urethral cultures, an indirect immunofluorescence (IF) test was used to look for missing serovars that had been detected by the ELISA in the corresponding female partners. For the IF test, inclusions in replicate cell cultures were identified by specific monoclonal antibodies [9] directed against the suspected serovar(s).
Finally, duplicate specimens from men and women, which had been examined by ELISA or IF, were omp1-genotyped by nested PCR [10, 11] to identify additional genotypes not identified as serovars by ELISA and IF and to confirm mixed serovars among pairs of isolates. DNA was extracted from Chlamydia that had been expanded in culture and amplified by PCR. The PCRamplified products were subjected to Southern blot hybridization using two radiolabeled primer pairs: pair MF 21 and MB 22, which flank variable segment-1 and -2 of the omp1 gene, and MVF 3 and MB 4, which flank variable segment-3 and -4 [11] .
Statistical analyses.
Using logistic regression, we examined possible transmission of C. trachomatis and N. gonorrhoeae from men to their female sex partners. Likelihood of transmission was examined as a function of number of exposures of women to their male sex partners. For other analyses comparing percentages between groups, the x 2 test of independence (or Fisher's exact test when sample sizes were small) was used to test statistical significance.
Results
Study population. In total, 525 men with urethritis were enrolled to study transmission of N. gonorrhoeae, C. trachomatis, or both. Cultures for C. trachomatis, N. gonorrhoeae, or both were positive in 325 (62%), and a total of 603 female contacts were named. We traced 325 of the contacts: 116 had been treated at another site, 43 were out of the area, 26 refused evaluation, 11 had had excessive male contacts, 6 were !18 years of age, and 3 indicated they had used condoms during all sexual exposures. Of the remaining 120, 97 were designated as possible spread contacts based on their self-reported exposure histories (validated by repeat questioning of 10 randomly chosen subjects on a subsequent date). Of these female subjects, 81 (84%) indicated that they had been monogamous with their male sex partners for a period dating back at least 4 weeks (2 weeks more than was required for enrollment) before the onset of the men's symptoms. The 97 female contacts named back 86 male source contacts.
Infections with C. trachomatis and N. gonorrhoeae in women and their male sex partners. In table 1, the status of infection in women has been indicated according to their exposure to male sex partners, to depict transmission of C. trachomatis, N. gonorrhoeae, or both. N. gonorrhoeae was isolated from 71% (61/86) of male and 49% (48/97) of female sex partners: C. trachomatis was cultured from 38% (33/86) of male and 41% (40/97) of female sex partners. After Chlamydia DNA amplification tests were performed on culture-negative specimens, infection rates for C. trachomatis increased to 62% (44/71) in men (15 culture-negative men did not have DNA amplification performed and were excluded from the calculation) and 47% (46/97) in female sex partners. Twenty-seven percent (19/71) of male and 21% (20/97) of female sex partners were known to be coinfected.
Chlamydia infection in 11 of the 19 coinfected men was not detected by culture but by DNA amplification alone. Among 12 of their sex partners, 10 were positive for Chlamydia (6 by culture and 4 by DNA amplification only). Notably, samples from coinfected men failed to yield cultures positive forChlamydia more often (11/19; table 1) than samples from coinfected women (3/20; ). P ϭ .008 C. trachomatis alone was positive in 65% (20/31) of women who were the sex partners of C. trachomatis-infected men; none of these 31 women was culture-positive for N. gonorrhoeae. In women who were the sex partners of men who were coinfected, the rate of Chlamydia infection was somewhat higher (76% [16/ 21] 
;
). In addition, 57% (12/21) of women who were sex P ϭ .23 partners of coinfected men were also positive for both organisms (table 1) .
Gonococcal infection rates in women who were the sex partners of coinfected men were almost the same as in women who were the partners of men having only gonorrhea (71% [15/21] vs. 73% [33/45]). Of note, 22% (10/45) of women who were the sex partners of 42 men who had gonorrhea only were infected with Chlamydia, indicating that these women probably were long-term (11 month) carriers of C. trachomatis. Therefore, these women may have been potential source contacts for Chlamydia infection but failed to transmit the infection. This situation was not mirrored for N. gonorrhoeae because the study identified no women infected with N. gonorrhoeae whose male sex partners were culture-negative for N. gonorrhoeae.
Infection in women as a function of number of sexual exposures to and coinfection in men. Infections in women with
Chlamydia and/or gonococci are shown in table 2 in association with numbers of exposures to male sex partners during the spread period (defined as 2 weeks before to 2 weeks after the onset of the men's symptoms). Analysis of these data using logistic regression showed that increased numbers of exposures to male sex partners were not significantly related to an increased risk of infection in women. For each infection considered singly, the risk of infection did not increase in women as the number of exposures to male sex partners increased (the odds ratio [OR] (table 4) . Six additional men had single serovars that were present in their female sex partners who, in addition, were found to have a second serovar; the remaining 3 pairs appeared to have been infected with discordant single serovars (table 4) . To attempt identification of the apparently missing or discordant serovars in the 9 men, their urethral cultures were examined by IF specifically to look for the additional serovars that had been found in their female contacts; 6 of these contained the missing serovars (table 4 ). An additional positive IF test in a male identified the single serovar J detected in the female partner by ELISA. These additional serovars constituted from 0.03% to 40% of the total number of inclusions in the cultures.
Using nested PCR, an additional single genotype (E) was identified in 3 men and 1 female, and additional double genotypes (E,F and E,J) were found in 2 women (table 4) . Nested PCR failed to identify a serovar J isolate that had been identified by IF in 1 male and a serovar E and G in each of 2 women that had been identified by ELISA (table 4) . However, nested PCR confirmed every other serovar by genotyping noted in table 4 that otherwise had been identified by ELISA or IF ( ). total ϭ 38 Eight men who were coinfected with C. trachomatis by culture and N. gonorrhoeae (table 1), reported 9 female sex partners; among these, 6 were also culture-positive for C. trachomatis (3 were coinfected with N. gonorrhoeae). Five of these 6 pairs of Chlamydia cultures were also analyzed by ELISA and IF. Three pairs had identical single serovars (D, J, and K). One man with two serovars (D and I) had 2 partners, each with a single serovar (D and J). Complete or partial concordance between isolates from men and women (at least one common typepair) was identified in 93% (13/14) of pairs, and in 89% (17/ 19) of pairs when men were coinfected with N. gonorrhoeae. Overall, the results reported here indicate that multiple types of C. trachomatis are commonly present in sexually active men, and that transmission of multiple serovars and reciprocal transmission of C. trachomatis between male and female sex partners infected with different serovars also occurs.
Chlamydia serovars in nontransmitting men and women. Serovar determination of Chlamydia isolates from non-transmitting men and women was also performed using IF to examine for the presence of mixed infection. Among 9 Chlamydiainfected (only) men whose partners were Chlamydia-negative, 4 (44%) were infected with at least two serovars. Among the 10 Chlamydia-infected women who appeared to be long-term carriers and who did not transmit infection to their male sex partners (sex contacts of Chlamydia-negative male partners who were N. gonorrhoeae-positive; table 1), only 1 had a mixed serovar infection (10%) versus a 57% (8/14) rate of mixed Chlamydia infection in female sex partners of Chlamydia-positive men (
). P ϭ .033
Discussion
We examined the transmission of C. trachomatis and N. gonorrhoeae and the effect of coinfection, and multiple exposures among men with urethritis and their female sex partners. Our study design enhanced the likelihood that women would have been the recipients (spread contact) of infection. We found, however, that background (11 month) chlamydial infection was present in 22% of women who were sex partners of men with gonococcal urethritis (table 1) . Coinfection with N. gonorrhoeae (present in 80% [8/10] of Chlamydia-infected women in this group) may have caused an otherwise latent (or persistent) Chlamydia infection to flourish. This has been reported previously to occur in women with evidence of prior Chlamydia infection that had apparently cleared (by culture) after treatment and then reappeared (by culture) after coinfection with N. gonorrhoeae [12] . In addition, some of the women who were the sex partners of men with Chlamydia infection may have acquired the infection prior to the first exposure identified in this study. This may have explained the presence of additional serovars or genotypes present in 3 women that were not seen in men (pairs 1a, 5, and 9; table 4). Nevertheless, 11 men were infected with serovars not present in women; this, coupled with a lack of infection in 23 of 97 (24%) women and no evidence of long-term gonococcal infection in women, suggests that much of the transmission may have occurred from men to women.
We showed that failure to culture C. trachomatis in N. gonorrhoeae-infected patients occurs more commonly with specimens from men ( ). As a result, the total number of P ϭ .008 Chlamydia-infected patients coinfected with N. gonorrhoeae, in fact, was comparable for men (43% [19/44] ) and women (44% [20/46] ; table 1) when DNA amplification was used to identify additional cases, similar to that reported in a large study [13] To better define reciprocal transmission between male and female sex partners, we used several DNA amplification methods in addition to culture. Paired Chlamydia isolates available from men and their female spread contacts were analyzed for concordance, using a combination of assays (ELISA, IF, and nested PCR, serially performed) to confirm transmission. The overall rate of Chlamydia infection in female sex partners of men with chlamydial urethritis (N. gonorrhoeae-negative) was 65% (20/31). Concomitant gonococcal infection in men was somewhat associated with an increased chlamydial infection rate in women (76% [16/21] ). In a recent study [14] using PCR to detect the presence of C. trachomatis infection in heterosexual partners, it was reported that male-to-female and female-to-male transmission frequencies were equal (68%), a figure comparable to our estimated overall Chlamydia infection rate of 69% (36/52) in women who were sex partners of men with Chlamydia infection.
The occurrence of mixed Chlamydia serovar infection in our study was 48% (10/21) in infected men and 57% (8/14) in their infected female sex partners but only 10% (1/10) in women who were thought to be long-term (11 month) carriers who did not transmit infection. In recent studies [15, 16] in which clinical samples were directly genotyped, mixed serovar infection was found in 8% (4/48) of cervical samples from patients with STDrelated complaints identified in a municipal health center [15] and in 15% (5/33) of cervical and endometrial samples taken from women with clinical PID or lower-genital-tract infection [16] . These rates are comparable to that seen in our study in women with long-term carriage. Of note in our study, nested PCR detected additional serovars in 5 samples, and serovar E was represented in each case. Quantitative PCR for genotype E in these 5 samples ranged from 0.8 to 10 ng/mL; the optimal sensitivity of nested PCR has been reported to be from 0.01 to 0.1 inclusion-forming units [17] . Serotyping by IF and ELISA, which requires the presence of at least 1 ifu of Chlamydia in samples, may be less sensitive than nested PCR. However, nested PCR also failed to identify 3 serovars (E, G, and J) in 3 samples that had been identified by ELISA or IF. These discrepancies may be caused by a high prevalence of polymorphism at omp1 loci that prevents amplification [15, 16, 18] , rather than an inherent diminished sensitivity of nested PCR.
The risk of acquiring infection with C. trachomatis or N.
gonorrhoeae in women may be influenced by other host factors that may be either beneficial or perhaps subversive in preventing infection. Dual infection in men, however, was not associated with enhanced infection of either organism in female sex partners. Epidemiologic data suggest that previous contact with C. trachomatis may result in the development of protective immunity to genital infection [13, 18, 19] . Likewise, prior infection with certain porin serovars of N. gonorrhoeae may be associated with protection against the serovars upon repeat exposures [20] . In addition, the presence of antibodies to reduction modifiable protein, which subvert bactericidal antibody activity against certain strains, may enhance transmission of gonorrhea [21] .
